OBJECTIVES: To assess the in¯uences of height and age on the differences in waist circumference between individuals of different stature. SUBJECTS: 3319 males and 4358 females from four studies in the UK and the Netherlands. MEASUREMENTS: Waist circumference, body weight, height, and age. RESULTS: Linear regression analysis of log 10 height as the independent variable on log 10 waist as the dependent variable was used to determine the optimal index powers (OIP) ( p ) to minimize the in¯uence of height in the relationships of waist/height p . Six out of eight samples of men and women had OIP of height not signi®cantly different from zero, with the remaining two groups had OIP between 0.15±0.58, indicating that height had very limited in¯uence on the differences in waist circumference measurement between individuals. Age adjustment increased the relationship between waist and height, with OIP of 0.19±0.89 in men and 0.02±0.58 in women. Without age adjustment, height explained 0.3±3.5% and 0.1±2.5% variance in waist in men and in women respectively, and the corresponding variances were 0.4±7.5% in men and 0.0±2.6% in women with age adjustment. A similar analysis of weight and height showed the OIP of height in weight/height p ratio ranged from 1.32±2.25 in men, and 0.87±1.74 in women without age adjustment, and from 1.47±2.24 in men and 1.25±1.96 in women with age adjustment. CONCLUSION: Height and age had limited in¯uences on the differences in waist between Caucasian subjects of different stature. Waist alone may be used to indicate adiposity or to re¯ect metabolic risk factors. In contrast, the in¯uence of height on body weight is important.
Introduction and background
Body mass index (BMI) relates highly to total body fatness by densitometry, 1,2 and has been widely used to indicate risks of overweight related morbidity and mortality. 3 More recent understanding of the importance of the more metabolically active abdominal fat mass, particularly intra-abdominal fat mass, resulted in many ratios being proposed as anthropometric indicators, which include waist measurement as the dominant variable, since waist circumference or diameter is highly related to abdominal fat mass.
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Height has been used as the denominator of abdominal fat mass indicators in efforts to eliminate a presumed relationship between waist circumference and stature. 10±13 Another proposed index involving height is the abdominal sagittal diameter/height ratio, to indicate subjects with increased metabolic risk factors. 12 The initial rationale for deriving ratios with waist measurement as the numerator was that metabolic risk factors are related more highly to central fat distribution than to total body fat, which is mainly located in areas other than the abdomen. The ratio waist to hip was thus developed, using the hip circumference to control for subcutaneous body fatness or body size and to accentuate the relationship with fat distribution. The ratio of waist to thigh was derived, since the size of the thigh re¯ects muscularity. More recently, it has been suggested that it is the absolute amount of intra-abdominal fat which in¯u-ences health risk, not the distribution pattern. 14 The present study aimed to determine the in¯uences of height and age on the differences in waist circumference between individuals of different stature from four separately recruited Caucasian samples from Scotland and The Netherlands, based on the principles for determining adiposity. 15 
Methods
The principles for developing anthropometric ratios to indicate adiposity Anthropometric ratios such as weight for height are derived so that differences in the variable of interest between individuals can be compared, while the in¯uences of other structural variables are elimi-nated. 15, 16 Since body weight correlates signi®cantly with height, taller individuals are generally heavier than shorter ones. Thus in order to compare the differences in adiposity (the variable of interest) between individuals it is the relative weight that matters, so differences in height must be eliminated. A simple method described by Khosla and Lowe to determine the optimal index power of height ( p ) in the relationship weight/height p for a set of individuals is to regress log 10 height (independent variable) on log 10 weight (dependent variable). The regression coef®-cient (b) of log 10 height obtained in the equation is the optimal index power ( p ) of height in the weight/ height p ratio, at which the differences of the derived between subjects are dependent on body weight and uncorrelated with height. 15 An example from one of the male groups (MORGEN) in the present study shows that weight correlates positively (r 0.441; P`0.001) with height. After logarithmic transformation, log 10 height is used as independent variable and log 10 weight as the dependent variable in linear regression analysis, to obtain the equation: log 10 weight 1.57 6 log 10 height 7 1.62. The regression coef®cient 1.57 is the optimal index power of weight/ height 1.57 ratio: weight/height 1.57 has a zero correlation with height in this sample (Table 3 ). The conventional BMI (weight/height 2 ) had a low correlation with height (r 7 0.140) in this sample.
Subjects and measurements
Four separate samples of 4881 Dutch men and women from the MORGEN study and 384 from Wageningen body composition studies, and 1918 Scots from the Glasgow MONICA study and 494 from the Glasgow body composition studies, had anthropometry measured following essentially identical standard protocols. 17 Waist circumference was measured with exible tape to the nearest mm, midway between the lateral iliac crest and lowest rib, at the end of gentle expiration. Weight in light clothes was measured to the nearest 100 g, and height barefoot and head in the horizontal Frankfort plane using a stadiometer to the nearest 0.5 cm. All measuring instruments were calibrated with standards before use. The men and women from the MORGEN and MONICA studies were randomly recruited from the general population, so they are expected to be representative of the entire population of the Netherlands and Glasgow respectively. The other two groups were healthy subjects recruited for a variety of physiological measurements, and exhibit wide ranges of anthropometric variables.
1,2

Analysis
The relationship between height and waist circumference and body weight were assessed by linear regression analysis. Optimal index powers ( p ) in the ratios waist/height p or weight/height p for men and for women in the four separate studies were obtained from the linear regression coef®cient between log 10 height (independent variable) and log 10 waist or log 10 weight (dependent variable).
Results
Subjects had wide ranges of age and anthropometry (Table 1) . Dutch men and women were taller than the Scots. Mean waist circumference and body mass index were similar between the groups of men and between the groups of women, except that Glasgow women had higher values than the other female groups.
Plots from the MORGEN study show a signi®cant BMI body mass index.
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. Similar trends were observed in the other three studies (Table 2) . Height correlated signi®cantly (P`0.001) with body weight in men (r range 0.375 to 0.505) and in women (r range 0.165 to 0.320) ( Table 2) . As expected, the correlation of height with BMI (weight/height 2 ) was much less, and tended to be negative both in men (r range 70.213 to 0.064), and in women (r range 70.248 to 70.054). In the same subjects from all four studies, height explained no more than 1.6% of variance of waist circumference in seven out of eight groups, except the male group from the Glasgow MONICA study which was slightly higher (R 2 3.3%). The relationship between height and weight or waist became more positive when adjusted for age (Table 2) , while age adjustment appeared not to alter the relationship between height and BMI.
Without age adjustment, regression analysis to derive the optimal index power in the waist/height p ratio (Table 3) showed this value was close to zero in all the samples studied, indicating that there was no signi®cant linear relationship between height and waist measurement. Only in the MONICA men and MORGEN men did the 95% con®dence interval excluded zero. The MORGEN sample was large enough to analyse by decades of age, and this resulted in optimal power between 0.36±0.58 in men and 0.06± 0.26 in women.
Weight/height ratio included for comparison showed one group with optimal index power of height reasonably close to the index power 2 of body mass index in men. The remaining three groups had optimal index power of height close to 1.5. Three out of four female groups had optimal index power of height close to 1, and the remaining group value was close to 1.5. The index power 2 (namely BMI) was included within the 95% con®-dence intervals for three of the eight ten year age bands in the MORGEN sample.
In the samples studied, age correlated positively (P`0.001) with waist circumference (r range from 0.214 to 0.612 in men, and 0.197 to 0.464 in women), and age correlated negatively (P`0.001) with height (r range 70.200 to 70.508 in men, and 70.216 to 70.269 in women), which in cross sectional studies could re¯ect either height loss through ageing or alternatively a secular trend towards a taller population. 18 The possible in¯uence of age on the relationship between waist circumference or weight and height was examined by stratifying subjects into (Table 3) , or by regression analysis of log 10 height on log 10 waist or on log 10 weight adjusting for age in each sample (Table 4) (Table 5) .
Without age adjustment, height explained 0.3 to 3.5% and 0.1 to 0.8% of variance of waist circumference in men and in women respectively, and the corresponding values with age adjustment were 0.4 to 7.5% in men and 0.0 to 2.6% in women.
Discussion
Without age adjustment, the optimal index power of height in the waist/height p ratio was consistently close to zero in both sexes of all eight samples studied. Men generally have higher optimal index powers than women in the weight/height p relationship, indicating a greater in¯uence of height on weight in men. Adjustment of age by regression analysis or by dividing the population into ten year age bands accentuated the relationship between height and waist or weight. By stratifying subjects from the MORGEN sample according to action level 1 (94 cm in men and 80 cm in women), 19 we have shown that height correlated slightly higher with waist in those with a waist circumference below action level 1, but in those with a waist above action level 1, the proportion of age adjusted variance in waist circumference explained by height was only 0.64% (P`0.05) in men and 0.03% (P not signi®-cant) in women. Thus in those who need weight management, height does not importantly in¯uence variations in waist circumference. 20 In their studies of coronary heart disease in relation to the physique of London busmen, Heady et al 21 came to the same The relationship between intra-abdominal fat mass and height in 20 women, aged 20±51 y, has been examined in a study using magnetic resonance imaging. 22 Intra-abdominal fat mass did not correlate signi®cantly with height (r 2 1.3%, P 0.40), but correlated more highly with waist circumference (r 2 77.8%; P`0.001), abdominal sagittal diameter (r 2 77.4%; P`0.001), transverse diameter (r 2 77.4%; P`0.001) and body mass index (r 2 72.3%; P`0.001) than with waist hip ratio (r 2 32.5%; P`0.05). Ratios of waist/height p of different index powers did not increase upon the variance in intra-abdominal fat mass explained by waist circumference alone. Neither intra-abdominal fat mass (P 0.40) nor waist circumference (P 0.31) related signi®cantly to height in these women. 22 It is perhaps surprising to ®nd that physical stature as indicating by height has such limited in¯uence on waist circumference. However waist circumference is a body dimension which contains relatively little bone (only the spine). The relationship in men is very weak and limited to certain age bands. In women, spinal shortening from osteoporosis could tend to increase waist circumference, and this may be more pronounced so reducing any relationship in older and shorter women, thus accounting for the inverse relationships (Figure 3b) . Table 3 Optimal index powers (when height has zero correlation with the derived ratios) of the denominator height in the ratios of waistaheight and weightaheight derived from regression analysis of log 10 height on log 10 waist, and on log 10 weight respectively, with four age bands in the MORGEN study OIP optimal index power.
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Practicality must be taken into account when deriving anthropometric indices, 23 to establish the advantage of ratios or other complex expressions over the single variable alone, ease of computation of the ratio, 16 the availability of the variables for measurement, and reliability of measurement in the ®eld. If the measurements for a ratio are easy to obtain and it gives much better prediction than the single variable, then using the ratio is justi®ed. For example, many attempts have been made to derive new indices of adiposity from weight and height in order to better the body mass index (weight/height 2 ), 15, 16 but most of these ratios are sex or population speci®c, as con®rmed in the present study. By consensus, weight/ height 2 is still the ratio of choice. Although the BMI does not have a perfect zero correlation with height, it is a reasonable approximation for many purposes, the index power 2 is rather conveniently remembered, and easy to calculate. Although weight/height 2 ratio was originally derived from Caucasian populations it is commonly used to assess body weight in other ethnic groups. Examination of its validity may still be required in these groups.
The slight differences in optimal index powers between the four study populations (Table 3) could be explained by systematic differences in anthropometric measurements between centres, although no such differences in technique have been identi®ed, and the same measurement protocols were used. 17 Alternatively there may be minor morphological differences between the populations related to factors such as physical activity, diet and use of hormone replacement therapy. There were differences in age ranges. The Wageningen sample contained subjects up to 83 y, whereas other samples were mostly less than 70 y (MONICA and Glasgow) or less than 60 y (MORGEN). All subjects studied were older than 18 y. With age adjustment, optimal index powers between samples became more similar to each other. The in¯uence of age on the association between waist circumference and height in the large MORGEN sample was relatively small and probably not of practical importance for most purposes.
Studies of magnetic resonance imaging 4, 7, 8 and computed tomography 6 showed waist explained 80 to 90% of variance in total body fat. We have shown that large waist circumference alone identi®es most subjects with high BMI or high waist to hip ratio, 19, 25 and can be used to predict total body fat as measured by densitometry, at least as well as by the conventional skinfold method and without bias when fat distribution is altered.
1 Waist circumference also relates strikingly to cardiovascular risk factors. 6, 24 Waist/height ratio correlates tightly with BMI (r b 0.9). Seidell et al 25 have previously shown waist/height ratio was no better than waist/thigh ratio or waist circumference alone in predicting cardiovascular risk factors.
Conclusions
Height and age have limited in¯uence on the differences in waist circumference between individuals of different stature. Waist circumference alone may be a useful indicator of adiposity in either men or women in Caucasian populations without the need to adjust for height. This is in contrast to measures of weight, where a positive correlation with stature necessitates adjustment for height, as the conventional weight/ height 2 ratio for BMI.
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